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(54) SURFACE ACOUSTIC WAVE DEVICE AND ITS PRODUCTION 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a surface acoustic wave device such as a 
surface acoustic wave filter or an oscillator, which has the size of the occupation 
area of the outside shape approximately equal to that of an incorporated surface 
acoustic wave element and is extremely miniaturized and is capable of surface 
mounting, and a production method which can perform the production up to 
packaging in the wafer state and is superior in mass productivity. 
SOLUTION: In a surface acoustic wave device S, an excitation electrode 2 
covered with a protection cover 4 and input/output pads 3a and 3b connected to 
this excitation electrode 2 are formed on a piezoelectric substrate 1, and 
columnar electrodes 5 are stood on input/output pads, and at least outer 
peripheral parts of columnar electrodes 5 are surrounded with an insulator 6, and 
upper end parts of columnar electrodes 5 are used as input/output terminals of 



an electric signal. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Surface acoustic wave equipment characterized by having surrounded 
the periphery section of said pillar-shaped electrode with the insulator at least, 
having changed, and making the upper bed section of said pillar-shaped 
electrode into the input/output terminal of an electrical signal while forming the 
I/O pad connected to the excitation electrode and this excitation electrode which 
were covered with the protective cover on the piezo-electric substrate and setting 
up the pillar-shaped electrode on each I/O pad. 

[Claim 2] Said protective cover is surface acoustic wave equipment according to 
claim 1 characterized by having conductivity and being arranged through an 
insulating member on said I/O pad. 

[Claim 3] The process which forms a protective cover on the substrate for 
covering formation, and the process which forms the I/O pad connected to an 
excitation electrode and this excitation electrode on a piezo-electric substrate, 
The process which pastes up a protective cover on a piezo-electric substrate in 
order to cover said excitation electrode with said protective cover, The 
manufacture approach of the surface acoustic wave equipment characterized by 
including the process which removes said substrate for covering formation, the 
process which forms a pillar-shaped electrode on said I/O pad, and the process 
which surrounds the periphery section of said pillar-shaped electrode with an 
insulator at least, and makes an input/output terminal the upper bed section of 
said pillar-shaped electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the possible surface acoustic 
wave equipment and its manufacture approach of carrying out to packaging 
especially in a miniaturization and wafer process of the surface acoustic wave 
equipment in which a surface mount is possible about the surface acoustic wave 
equipment mainly used for radiocommunication circuits, such as mobile 
communication equipment. 
[0002] 

[Description of the Prior Art] In recent years, many surface acoustic wave 
equipments are used as components, such as a filter of the electronic equipment 
using an electric wave, the delay line, and a transmitter. Especially the small and 
lightweight surface acoustic wave filter with the high steep cutoff engine 
performance as a filter is coming to be used abundantly in the mobile 
communications field as a filter of RF stage of personal digital assistant 
equipment, and IF stage. 

[0003] The circuit built in by multi-band-ization corresponding to two or more 
communication system while small and lightweight-ization progress is increasing 
personal digital assistant equipment, and, as for the electronic parts used, the 
small components in which a surface mount is possible are strongly demanded 
for the improvement in packaging density. Also in the surface acoustic wave filter 
which is the key parts of personal digital assistant equipment, the small surface 
acoustic wave filter in which a surface mount is possible is demanded with the 



operating characteristic outside low loss and a passband. 

[0004] Conventionally, although, as for the surface acoustic wave filter, the 

ceramic package mold is put in practical use from the thing of a can package 

mold, compared with a can package mold, a surface mount is possible for a 

ceramic package mold, and it is widely used increasingly as surface acoustic 

wave equipment which can realize a miniaturization especially. 

[0005] Although the ceramic package mold surface acoustic wave filter of the 1st 

generation was carrying out electrical connection of the surface acoustic element 

which carried out adhesion immobilization, and the internal electrode of a 

package by wire bonding into the package, by using wire bonding, the package 

appearance became large and the surface acoustic wave filter was 6 times [ 5 

times to ] the occupancy area of the surface acoustic element to build in. 

[0006] In order to solve this and to attain a miniaturization, as shown in drawing 

6 , what carried out face down bonding of the surface acoustic element to the 

interior of a package has been put in practical use as a ceramic package mold 

surface acoustic wave filter of the second generation. 

[0007] This surface acoustic wave filter J consists of the substrate 51 which 

consists of the piezoelectric single crystal with which the excitation electrode 2 

was mainly formed, and the ceramic package which holds it and changes, and a 

SEMIKKU package consists of a base 53, a frame 54, a lid 55 and an internal 

electrode 56, and external electrode 57 grade. As for the surface acoustic 

element, the excitation electrode 52 and external electrode 57 of a package are 

electrically connected through the pad 58 and the bump 59. 

[0008] With this surface acoustic wave filter J, since wire bonding is not used, the 

miniaturization of about 1/2 can be attained compared with the ceramic package 

mold surface acoustic wave filter of the 1st generation. 

[0009] 

[Problem(s) to be Solved by the Invention] However, also in the ceramic package 
mold surface acoustic wave filter of the face down mounting method of the 
second generation, the magnitude of the appearance of a package is about 3 



times the surface acoustic element to build in, and has the problem that it is not 
fully miniaturized. 

[0010] Moreover, the mounting approach to the conventional package had the 
fault that mass production nature was missing, in order to use the package 
according to individual and to perform an assembly, after cutting a device chip 
from a wafer. 

[001 1] Then, this invention is made in order to cope with such a technical 
problem, and it is possible to carry out to packaging in the state of surface 
acoustic wave equipments miniaturized by the extreme almost equal to the 
surface acoustic element which the magnitude of the occupancy area of an 
appearance builds in, such as a surface acoustic wave filter in which a surface 
mount is possible, and a trembler, and a wafer, and it aims at offering the 
manufacture approach excellent in mass production nature. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the periphery section of a pillar-shaped electrode is surrounded with an 
insulator at least, and the surface acoustic wave equipment of this invention 
changes, and is characterized by to make the upper bed section of a pillar- 
shaped electrode into the input/output terminal of an electrical signal while it 
forms the I/O pad connected to the excitation electrode and this excitation 
electrode which were covered with the protective cover on the piezo-electric 
substrate and sets up a pillar-shaped electrode on each I/O pad. 
[0013] It is characterized by for especially a protective cover having conductivity 
and arranging it through an insulating member on an I/O pad. 
[0014] Moreover, the manufacture approach of the surface acoustic wave 
equipment of this invention The process which forms a protective cover on the 
substrate for covering formation, and the process which forms the I/O pad 
connected to an excitation electrode and this excitation electrode on a piezo- 
electric substrate, The process which pastes up a protective cover on a piezo- 
electric substrate in order to cover said excitation electrode with said protective 



cover, The process which removes the substrate for covering formation, the 
process which forms a pillar-shaped electrode on an I/O pad, and the process 
which surrounds the periphery section of a pillar-shaped electrode with an 
insulator at least, and makes an input/output terminal the upper bed section of a 
pillar-shaped electrode are included. 

[0015] Forming by plating can produce upwards efficiently and especially a 
protective cover can be considered as a strong configuration here. Moreover, in 
order to secure the oscillating space of an excitation electrode, let this protective 
cover be the mode which established the crevice in the field which constitutes an 
excitation electrode at least, and which is equivalent to a ctenidium-like electrode, 
for example. Furthermore, this crevice is good to form in two or more fields 
according to the formation field of an excitation electrode, and to make it 
arranged symmetrically or geometrically. 
[0016] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of the surface 
acoustic wave equipment concerning this invention is explained based on a 
drawing. 

[0017] Drawing 1 is the important section sectional view showing surface 
acoustic wave equipment S typically, and is not what showed typically signs that 
it cut by the profile line which passes along an excitation electrode and two pillar- 
shaped electrodes, and not necessarily illustrated the situation of the cross 

section to accuracy. 

[0018] The wiring electrode 3 which surface acoustic wave equipment S is 
connected with the excitation electrode 2 which constitutes the shape of a 
ctenidium on the piezo-electric substrate 1 at this, and contains an I/O pad and a 
touch-down pad. Two or more pillar-shaped electrodes 5 set up on the wiring 
electrode 3 (at least I/O pad). The protective cover 4 which consists the upper 
part of the excitation electrode 2 of a wrap metal etc. that the oscillating space G 
of the excitation electrode 2 should be secured, and the external covering 6 
which consists the periphery section of the pillar-shaped electrode 5 of insulators, 



such as resin, at least are arranged, it changes, and the upper bed section of the 
pillar-shaped electrode 5 is made into the input/output terminal of an electrical 
signal. 7 is a solder bump, for example, it is possible to mount by turning down 
the side by which the solder bump 7 was formed in the external circuit substrate 
(un-illustrating). 

[0019] A protective cover 4 can be shielded to the electric wave used as 
disturbance etc. here by considering as conductivity, and it is possible to attain 
stabilization of surface acoustic wave equipment. However, a protective cover 4 
is arranged through an insulating member 8 on an I/O pad in this case. In 
addition, in order to attain stabilization further, you may make it connect a 
protective cover 4 to touch-down potential. 

[0020] Next, the manufacture approach of the above-mentioned surface acoustic 
wave equipment S is explained. First, the making process on the substrate 1 1 
with which the protective cover 4 was arranged is explained based on drawing 2 . 
In addition, since drawing 2 is easy, many protective cover formation regions 
corresponding to the excitation electrode field formed in the wafer which 
illustrates typically and selectively the process which produces a protective cover, 
and carries out a postscript actually on a substrate required to form one surface 
acoustic element shall exist. 

[0021] As shown in drawing 2 (a), the electrode layer 40 for plating is formed in 
the piezo-electric substrate which forms a surface acoustic element, and the 
substrate (substrate for covering formation) 11 of the same size. In addition, a 
piezoelectric ingredient, silicon, glass, etc. can be used for a substrate 11. 
Moreover, an electrode layer 40 is formed in 0.2 micrometers - about 1 
micrometer in thickness by spatter membrane formation, using metallic materials, 
such as copper. 

[0022] Next, as shown in drawing 2 (b), the guide for plating of the part 
equivalent to the upper part of a protective cover is formed with photolithography. 
Here, thickness of a photoresist 90 is set to 50 micrometers - about 100 
micrometers. 



[0023] Next, as shown in drawing 2 (c). tlie field 41 which is equivalent to the 
upper part side of a protective cover with the electrolytic plating of the above- 
mentioned metallic material (for example, copper) is formed, the electric-field 
liquid used at this time - a copper sulfate 0.5 - 1 .0x103 mol / m3 A sulfuric acid 
1.5 - 2x103 mol / m3 etc. - It uses and normal electrodes, such as for example, 
potassium chloride, a silver chloride, etc., are used for a reference electrode. [ for 
example, ] 

[0024] Next, as shown in drawing 2 (d), the guide for plating of the part 
equivalent to the wall of a protective cover is formed with photolithography. Width 
of face of the slot where the thickness of the photoresist 91 at this time is 
equivalent to 50 micrometers - about 100 micrometers and the thickness of a wall 
is set to 50 micrometers - about 100 micrometers. 

[0025] Next, as shown in drawing 2 (e), the field 42 which is equivalent to the wall 
of a protective cover with the electrolytic plating of a metallic material is formed, 
and the low melting glass which is an insulating member and is also a binder 8 is 
formed by screen-stencil on a protective cover 42 after that at about 5-10 
micrometers in thickness. In addition, although resin, solder, etc. are sufficient as 
this binder 8, when using a conductive member, it is pasted up through an 
insulating layer. 

[0026] Finally, as shown in drawing 2 (f), the covering organizer A which 
prepared the protective cover with which the photoresist was removed and 
crevice 42a was formed symmetrically and geometrically is completed. 
[0027] Next, the process which manufactures surface acoustic wave equipment 
S using the above-mentioned covering organizer A is explained based on 
drawing 3 . In addition, also in drawing 3 , it illustrates typically like drawing 1 and 
drawing 2 . 

[0028] first, it is shown in drawing 3 (a) - as ~ the piezo-electric substrate 1 top - 
the excitation electrode 2 and a wiring electrode ~ 31 [ layer / 1st ] is formed. 
Here, piezo-electric substrates which consist of either, such as an oxide single 
crystal containing a lithium niobate single crystal substrate, a lithium tantalate 



single crystal substrate, the Xtal crystal substrate, a tetraboric-acid lithium single 
crystal substrate, the lanthanum that is a langasite mold single crystal, a gallium, 
and VA group elements (niobium, tantalum, etc.), such as a piezo-electric 
substrate and a PZT substrate, can be used for the piezo-electric substrate 1. 
The 1st layer of the aluminum alloy of the excitation electrode 2 and the wiring 
electrode 3 with which 31 added aluminum or copper is used. Although the 
excitation electrode 2 is for performing excitation and reception and is using the 
surface acoustic wave as the monolayer by this example, it is also possible to 
consider as a multilayer electrode for the reason on the power-proof disposition 
of an electrode. These membrane formation is performed by vacuum 
evaporationo or the spatter, and it carries out to 0.2 micrometers - about 0.5 
micrometers in thickness. 

[0029] next, it is shown in drawing 3 (b) - as - the wiring electrode 3 - 32 [ layer 
/ 2nd ] is selectively fomned with photolithography. Nickel, chromium, titanium, etc. 
and copper are used as an electrode material of the 2nd layer of the wiring 
electrode 3. the wiring electrode 3 ~ the 2nd layer of the thickness of 32 is set to 
0,2 micrometers - about 0.5 micrometers, 

[0030] next, as shown in drawing 3 (c), boil and carry out alignment of the above- 
mentioned covering organizer A, it is made to lay to the excitation electrode 2 on 
the piezo-electric substrate 1 , and it pastes up through the insulating member 
adhesives 8 which consist of low melting glass in an inert gas ambient 
atmosphere. The adhesion temperature of this low melting glass is 350 degrees 
C - 450 degrees C, 

[0031] Next, as shown in drawing 3 (d), polish removes some of substrates 11 
used for protective cover formation, and electrodes 41 for plating, and the guide 
for plating for forming the pillar-shaped electrode which carries out a postscript 
by plating is formed with photolithography. This polish is performed in two steps, 
rough grinding by mechanical polish of only an abrasive material, and 
mechanochemical polishing. Thickness of a photoresist 9 is set to 200 
micrometers - 400 micrometers. Moreover, the path of the hole for pillar-shaped 



electrodes may be 50 micrometers - 200 micrometers. 

[0032] Next, as shown in drawing 3 (e), the pillar-shaped electrode 5 is formed by 
copper electrolytic plating. In electric-field liquid, it is a copper sulfate 0.5 - 
1.0x103 mol / m3. A sulfuric acid 1.5 - 2x103 mol / m3 It uses and the normal 
electrode of potassium chloride and a silver chloride is used for a reference 
electrode. 

[0033] Next, a photoresist 9 is removed as shown in drawing 3 (f). Then, the 2nd 
layer of the wiring electrode for pillar-shaped electrode formation, the pillar- 
shaped electrode 5 and a protective cover 4 are used as a mask, and etching 
removes a part of 31. Dry etching, such as wet etching or RIE, is used for etching. 
[0034] Next, it is a wrap about the periphery section of the pillar-shaped electrode 
5 that the external covering 6 which consists of resin by the extrusion-molding 
method of heat-curing resin as shown in drawing 3 (g) is also at least. At this time, 
the upper part of the pillar-shaped electrode 5 can be exposed from a resin 
object by equipping with about 100-micrometer resin film in thickness the field of 
the die which presses down resin from the upper part. Thickness of the external 
covering 6 is set to 200 micrometers - 400 micrometers. In addition, as long as it 
is satisfactory in reinforcement, the top face of a protective cover 4 etc. may be 
exposed outside. 

[0035] Finally, as shown in drawing 3 (h), the wafer with which the solder bump 7 
was formed and two or more surface acoustic wave equipments S were 
contained is completed by screen-stenciling and carrying out a reflow of the 
cream solder to the upper part of a pillar-shaped electrode. By cutting this wafer 
by dicing etc., each surface acoustic wave equipment S is obtained. Thus, the 
elastic surface equipment S with which it has high-reliability and the ultimate 
miniaturization of magnitude equivalent to a chip size was realized can be 
manufactured by the approach by which it was rich in mass production nature, 
and the process was simplified substantially. And surface acoustic wave 
equipment S can be easily mounted in an external circuit substrate, using the 
upper bed section of the pillar-shaped electrode 5 as an input/output terminal. 



[0036] Drawing 4 (a), (b), and drawing 5 (a) and (b) are drawings showing 
typically tlie situation of the excitation electrode section at the time of realizing a 
ladder mold filter and a dual mode resonator mold filter in the above-mentioned 
surface acoustic wave equipment S. 

[0037] Drawing 4 (a) shows the pattern of the excitation electrode 2 on the piezo- 
electric substrate 1, and a wiring electrode (input pad 3a, output pad 3b, touch- 
down pad 3c), and drawing 5 (a) shows the pattern of the excitation electrode 2 
and a wiring electrode (input pad 3e and output pad 3m, the touch-down pads 3d, 
3f, 3k, and 3n, no connection (No Connect) pads 3g, 3h, 3i, and 3j). Moreover, 
drawing 4 (b) and drawing 5 (b) show the cross section of the wall surface part of 
a protective cover 4. 

[0038] Thus, when only the part equivalent to the upper part of the excitation 
electrode 2 arranges the crevice of a protective cover symmetrically and 
geometrically, the mechanical dependability of a protective cover 4 can be raised 
greatly, and when it is the large design of an electrode surface product, it is 
effective especially. 

[0039] Moreover, by considering as the above-mentioned configuration, by 
making conductive covering intervene between an input and an output, the 
isolation during I/O becomes good and a damping property improves. Moreover, 
since the input/output terminal and earth terminal in the upper bed section of the 
pillar-shaped electrode 5 become symmetrical, connection with the circuit board 
becomes simple. Moreover, in the case of the dual mode resonator mold filter 
shown especially in drawing 5 , an attenuation pole can be made from making a 
suitable capacity intervene among 3g-3i or 3h-3j near the band, and control of 
bandwidth and the magnitude of attenuation can be performed. 
[0040] 

[Example] Next, the concrete example of the surface acoustic wave filter element 
which applied this invention is explained, 

[0041] First, as shown in drawing 3 (a), an excitation electrode and the 1st layer 
of a wiring electrode were formed in the piezo-electric substrate. The aluminum 



alloy (1 % of the weight of copper contents) was used for the electrode of the 1st 
layer of an excitation electrode and a wiring electrode at the piezo-electric 
substrate using 36 degreeY cut lithium tantalate substrate with a thickness of 350 
microns. Electrode thickness was made into 3000A. a wiring electrode - the 2nd 
layer, using the two-layer electrode of nickel/copper, each thickness was made 
into 1000A and 2000A, and was selectively formed in 32 using photolithography. 
[0042] Next, as shown in drawing 3 (c), the protective cover 4 formed on the 
silicon substrate was pasted up with low melting glass, and the silicon substrate 
and the metal membrane 41 for protective cover plating formation were removed 
using the grinder after that. 

[0043] Next, as shown in drawing 3 (d) and (e), the guide for forming a pillar- 
shaped electrode by plating was formed by the photoresist, and the pillar-shaped 
electrode was formed in copper electrolytic plating. The diameter of this pillar- 
shaped electrode was 100 micrometers, and height was 400 micrometers. 
[0044] Next, as shown in drawing 3 (f) and (g), after removing the photoresist for 
a plating guide, closure by the extrusion-molding method was performed using 
the thermosetting resin for moulds. It was made exposed [ the upper part of a 
pillar-shaped electrode ] from the resin layer 6 here by equipping with the heat- 
resistant resin film of 100-micrometer thickness the die which presses down resin 
from the upper part. The resin bed depth could be about 400 microns. 
[0045] Next, after screen-stenciling cream solder in the upper part of a pillar- 
shaped electrode by the thickness of 10 micrometers, a reflow was performed at 
270 degrees C and the solder bump was formed. 
[0046] The substrate was separated, at the end, dicing separated surface 
acoustic wave equipment for every piece, and surface acoustic wave equipment 
was manufactured. 

[0047] Thus, since the excitation electrode of the manufactured surface acoustic 
wave equipment was protected by a metal protective cover and closure resin, 
while having high dependability, it has the almost same occupancy area as a 
surface acoustic element (1mmx1.5mm), and low back-ization with a height of 



0.8mm has been realized. 
[0048] 

[Effect of the Invention] As mentioned above, as stated to the detail, according to 
the surface acoustic wave equipment of this invention, a surface acoustic 
element can be protected certainly, securing the oscillating space of an excitation 
electrode. Moreover, cases, such as a package like before, can be made 
unnecessary, having an input/output terminal. Thereby, it is reliable, and a 
surface mount is possible, and a surface acoustic element and the surface 
acoustic wave equipment miniaturized almost ultimately [ the same size ] can be 
offered. 

[0049] Moreover, when the area which an excitation electrode and an I/O pad 
occupy is large, mechanical dependability can be further improved by dividing the 
crevice formed in the protective cover for every formation field of an excitation 
electrode. 

[0050] Moreover, if two or more crevices formed in the protective cover are 
crevices where each became independent, it cannot be overemphasized that it is 
effective, but the same effectiveness is acquired, even if crevices are connected 
so that a mechanical strength may not be spoiled. Thereby, dependability can be 
raised further and the outstanding surface acoustic wave equipment which can 
be miniaturized can be offered. 

[0051] According to the manufacture approach of the surface acoustic wave 
equipment of this invention, it becomes possible to perform all processes in a 
wafer process, and a finished product can be obtained by cutting into the surface 
acoustic wave equipment of each [ a dicing process ] the wafer which consists of 
much surface acoustic wave equipments. 

[0052] Therefore, it is not necessary to realize wafer level packaging, to prepare 
a package (protection case) for every surface acoustic wave equipment like 
before, and to assemble the elastic surface element chip-ized through the dicing 
process according to an individual, therefore assembly equipments, such as a 
small die bonder of a throughput, a wire bonder, and a seam welder, become 



unnecessary, and simplification and fertilization of a large production process can 
be attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing typically the surface acoustic wave 
equipment concerning this invention. 

[Drawing 2] (a) - (f) is the sectional view showing the production process of a 
covering organizer typically, respectively. 

[Drawing 3] (a) - (h) is the sectional view showing typically the production 
process of the surface acoustic wave equipment concerning this invention, 
respectively. 

[Drawing 4] It is drawing explaining the mode of the ladder mold surface acoustic 
wave filter element concerning this invention, and (a) is the top view mainly 
showing the appearance of an electrode pattern, and (b) is the fragmentary 
sectional view mainly showing the appearance of a protective cover and a pillar- 
shaped electrode. 

[Drawing 5] It is drawing explaining the mode of the dual mode resonator mold 



surface acoustic wave filter element concerning this invention, and (a) is the top 
view mainly showing the appearance of an electrode pattern, and (b) is the 
fragmentary sectional view mainly showing the appearance of a protective cover 
and a pillar-shaped electrode. 

[Drawing 6] It is the sectional view showing conventional surface acoustic wave 
equipment typically. 
[Description of Notations] 

I : Piezo-electric Substrate 
2 : Excitation Electrode 

3 : Wiring Electrode (I/O Pad and Touch-down Pad are Included) 

4 : Protective Cover 

5 : Pillar-shaped Electrode 

6 : External Covering (Insulator) 

7 : Solder Bump (Insulating Member) 

8 : Low Melting Glass 

9 : Photoresist 

I I : Substrate for Covering Formation 
A : Covering organizer 

G : Oscillating space 

S : Surface acoustic wave equipment 
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h . wmmmmT^i^^ >x h s sRw^yr 5 9ii^L 

ns^mz^m^tixK^^. 

[00 08] z<om'&.^w&y ov^f jxu. v^^- 
\(r»m\WWn.x^^h, 

[0009] 

(^Bfl*^mLJ:di:1-|.l8II] L*^L=5r7!)>'4>, ^2i«: 
m>y3.-xy^ y||||^r5C<7)-b 7 5 «y ^'^t .y ^r_i;s 

^tt^ffl?S7 >f /PrJ-CJijV^Tt. ^^'y'r-'J(r)^\-m(r>± 
[ 0 0 1 0 ] tit. m.^(r)J^^y'r-i^^<r>mm]mi. 

t^nm •yri^:3if^t^h'mLtzmz. ffl»N-.y 

[00 11] izx\ immiz<r>i.o^Mm^znm 
if^Mz^j:^hfzi><r>x'h^ . ^mcot^^mmioiz^-^ 

^ixtz^m^^m^j:W&mmy < )V9'^mm'm<^ 

x-'^ozt m^x'&mmzmitzm^-jimimmh 

[00 12] 

!> i: 1 i!'-'=5:< t hmmmmm^m^wx'^ 

[ 0 0 1 3 ] ftl;^^N'-{i«mttS-WU. a-^A 

[ 0 0 1 4 ] ^y-^. ^^m<m'&mm.w.<r>m^iim 
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{4, »ll;&>'N*-S:X^A*-}gj£fflS«LJi{cm-ri.Xg 
[ 0 0 1 5 ] c: c t\ ^m^^'^-ii^iz^ ^'r-c-j^fiKt 

nmm^kwzmtmmzm^mifmmtt 
%(o^z. ^.(nmmmmm^^^m^z^^x^ 
■mmzY&m^x t i < , t . wm\z-x\mmm^ 

[00 16} 

m.'jy-'^mm^^w.zm^^y^mm-h. 

[ 0 0 1 7 ] 0 1 JiPtt^BBS^BS 

[0018] ^i^as^EHs s(j:. mm, 1 ±(:fai« 

lfW^,> ^° -y H ^-^tfEiamii 3 t , SSHm® 3 ( iJ'-^ < 

Sristiffi2(0±:^s-iajimffi 2<ojgi!)SiaGS:si«-f'>; 

[00 19] vl^-C. filg;!^A'-4lr#«tti:-ri.ii: 
C«0J^{4«fe^;!?A'-4{4Aai:>]^^-y H±tCitei^ 

mz. ffia*vN'-4 Sr««jsmc^-ri. J: a lt t 

[ 0 0 2 0 ] ±ie5ittaE«l^Bsoi[)t:6-fttc 
ov^tiftHfl-rs. *-f. «g;!^A'-4**EiS$n/i»iR 

1 \k.X'<n'mLW.z-^\^xm2irJ&-i%mMh. 

(r)\Z-&Wj:mW.iLikZmLf]J<^--km:^hlMk^i^ 

xA{cm uzm^^mm.^z^m-h^mijK'-^^ 
[ 0 0 2 1 ] 02 ( a ) (c^^t J: 0 iz. mmm^m^ 



m) 1 l(:^-y^ffl«mffii4 0«rmt«., 'Srfc. » 

\.K mn£:^^-^ymmzx*)m^o. 2um-^ium 
mmzm^-fi. 

[0022] mz. 02(b) izmX 0 ic. m^^"^ 

-ffi±mzmi-im<oj( y ^m^^ viy^rhw 

0<DJ?${4 5 0 >u 1 0 0 mmSt-ri. ♦ 

10 0 2 3] mz. 02(c) C^-TJ: PtC, ±ie^]S 

«^£f mum) (onM:>('y^izxmmA^^-co±M 
mizm-thmm i srj^figti.. z<^)ttizmmth 
mmizii. mummmo. 5~i . ox i o^ moi 

/m^ tKKl. 5~2X103 mol /m^ 
[00 24] <J:ic, 02 (d) (C^-Tctatc, ISS;*^' 

~<ommzm-tm-^<7)^ -y^m^^f^ Y^ythvv 

9 1 (Dm^lt 50//m-100// mgJS. t /iMC0/|t$ 
tffli-ri.«c^l@{45 0//m-l 0 O/img^ii-r^. 
[0025] mz. 02(e) tC,T^-tJ: ^{C. 
<om^ «y^t J: 0«a;{?A'-OMai5tcffl^tl.miS4 
2^JgB£t, -ecOft, «j^il^A'-4 2c7)±{cx^'J-y 

x$rw$5~i 0/zmmetjg^-ri.. ^io. zcon^m 

«8J4ffili^i|iffl^-Ct>J:v^*<. smttaJW^fflvM.^ 
[0026] mmz. 02(f) l>Z7fi-tX 0 h 

w^'xhi^Lxwm 2 ait^mm. mn^m 
I.. 

[0027] iXt. ±iEX7A'-)g^f*cA^ffll^T5itta 

iiDj«[iias ^:$mi■hxm^z'o\,^xm3^zm-^\^xmm 

tt. =5rfc. 03^=^>v^Tt>01ial^2i:|l|«^^:K5»; 

[00 28] ^-r. 03 (a) iZTfktXoiZ. SMmi 
1 ±(ciMg«fli 2 StXSSSmoil 1 il B 3 1 Srm-t 

I., ^^x\ s.mm.nzii. -y^m'Ji-^j^m^B 
mt^^m^ji-^j^mmm. ^yiff-^^Y-mm^x- 

wmm2-simm%M3<n'm\m^3\\tT}v^~^ 

wmM2\m'^mm^^mijif'§t'^^'^otiih 
oiio-cibo, if%vmxM.n.mtLx\^h-hK %%<r) 
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m~0. dum^f^tth, 

[0029] mz. 113 ( b ) iZTr^txoiiz. m^mm 

||2a@3 2c?5J?$Ji0. 2/im~0. 5>umgJKi:-r 
[0030] mz. 03(c) l;:s^-rj; a tc, ±aL^ 

A ^ E«s«^ 1 }sjrmmm 2 ^zn lx\,z 

10 0 3 1] 03 ( d ) tc^-t J: -P tw, fil^X^A- 
-J^^ffllClBV 1 1 at^^ .y dE-fflf|fii4 1 <^-ia5 

mm^zi,mt:L. mi-tm^^^^-y^xm^ 

l.ilBTei:;><;*y>5*;Hi®c02gl®-Cffd. 

l-iyXV 9com^lii2 0 0Mm-~4 0 0 urn tt I. t 
rz. &imMm(^TZ<^mi5 0^x^-^2 0 0 urn 
I.. 

(0032]»:{=, 03 (e) iZTTtXolZ. m(^W» 

tmO. 5~1. 0X103 mol /m3 tKKl . 5~ 
2X1 03 mol /m3 #Hg|Mit3{im^ 'J '^^ 

[00 3 3] mz. 03 ( f ) i,z^stJ:oiZ. yurVV 
i'?X'!fiZlXX.yi->'i/lZX*)f^-tl. Xyf-i// 

[ 0 0 3 4 ] 03 ( g ) ts^-r i 0 iwag^b^ 

ffllil2r±g|5*>'o«i;t & r^f coffiti/l 1 0 0 m^flg 

^m!!im^(i>ntii^-tlZbi}^X'^&. n^:^J<-6ff) 
m^ii20 0um^4:0 0umt'th, ^fc, ^-SWt 

mmminnmm:f}^<-4<7)±mmt:!'mzmiii^-t 
xtx^\ 

[0035] mm^z, 03(h) iz^-txoiz^ ^ y- 
^wm&(r>Lmzx ^ u - y enra t . 'j 7 d - 

i^y^mx'tm-tiztizx^, m^cow&mm^mm. 



^tifc:i)mx'mm-t^zti}''x^i. ^ix. ftt^m 
5ff)±mi:xtiim'f-bLxm^\ mm^m 
^mmm s sr^m^-t 1. ^ t *<-c# s . 

[00361 04(a) (b) Rims (a) (b) 

mmm^^iSimizmmx'hh. 
[ 0 0 3 7 ] 04 ( a ) iiEmmm 1 ±(ommmm2R 
mmmm (xij^-^y k 3 a . mt^^ y f 3 b . tm^-^ 

•yH3c) 0>'N-:J'-y5::^L. 05 (a) {il)Sm@2 

mmmm {x-n^-^-/ h 3 e , as:^A->y h 3m, m. 

>'^>yh'3d. 3f . 3 k. 3n, y-a^^fh (No Con 

nect) ^N'y H3 g, 3h, 3i, 3 j ) co^-^^-y^:^ 
lt:i>cr,X'hl, tfc. 04 (b) , 05 (b){i:^^g 

[00 38] zioxoiz. mmM2(r)±mz^mth 
mcomm^^^-com^mwm, m^mzms.-t 

^ai^X'hh. 

[00391 ttz, ±mmfS.ti-^ZtX\ X:fltiiiti 

fz. ^^m5<D±wzm^xiii:hm'fttmLS^ 
fz . mzm 5 ic.i^-rzjt^- v^m^y < ti^^cnm 

3«-3iltys{i3h-3j|Slt> m^j:^&^'ff 

^^M:hZbX\ ^mTS:mizmmmi:f^F&Zbi}^Xt. 

[0040] 

[mm] *^%B^^)ifflL/cp!tt^®»[7-f;W:? 

mf-mwmmmmi>z':>\<^xmm-t^. 

[0 04 1 1 i-r. 03 (a) CS^-fipCC, 

mmw&bmimmimsmi&itz, mmuz 

{iJf§3 5 05^'ny«036* Y^«y 

7t. nm^itsoooAbitz, m.mmm2mB 

3 2 ttix -y 2 Ji««6 S: ffl \ ^tl^'ix</)m 

^tilOOOA, 2000Ai:U. 7*h'jy^^77-f 

-i:m^^xmmmm.uz. 

[00421 »:t:03 (c) iCS^-tidlC, 'yVaym 

m±izm^^tifzmm:^^-^-4 ^mm^^yxx-n^m 
I. ^ff)immmim^^x>'Voymm/^:^^<- 
^ -ymm^mm i i:m^uz. 

[0043] JXIC, 03 (d) . (e) {CS^i-i^tC, 

h x-m^ L . m<^mM^ -y ^ izx^^mmimm t 
tz, z<Dt^^m<r)mmiiooMTn. m^nAooM 
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[0044] 03 ( f ) . (s) l>Z7ntioiZ, 

umwmmmy ^)vj^^^m-fh^b\,zi.y). im. 
mk<r>i.mm^m e x o^ai-t^ xo^z it:> mm 

[004 51 ^'U-A^fflSrl Ojum<OJ|C§t\ 

[0046] miz. siR^r^f i^y^^izx m^m 
«^s^ 1 mizmimtmmmimmmLrz. 

[0047] Zff)X 0 iZ LTKjt t^cWttUffi^fflcT) 

mmw.mi±mmm^^-^-}ixr/m±mmzx *)% 

^ffilS^^ (ImmXl. 5mm) timmt&tW^ 
[0048] 

-^w\tmmmm'?-^mmizumtiztf}^x't^&. * 

tm<, m^^mx'h'o . s.-^m^^mmi'tii 
imv--! xcommzmit^tifzm^mmmw.^^ 

[0049] tti. mmnmm/Ktii:n^-<'y Hoii^s 
i^^^w±. m:^^^-izm^ifz\!!\^m 
wmmm^mmmz'^m-t s c: t tc i o , Mtaisw 
mm&m±-ti^tf]^x'^i, 
[ 0 0 5 0 ] ^it, mA^<-izm^^tLf::mmm<r>m 

mat•C'i=5^v^^^)^ mmmmwj:h^j:y<^xoi,z\m 
}ioLtmi^'^x^^xmm<^wmmt:,ixh. cixt 
J: 0 , mzmi&i-mh z t ifix'% 'hmuMmM 

[005 1 1 ^RmmmMW^U(r>m.-nm^zxfi 
\i. ±X(r)xn.^^3u\ru-<zxx'^oztiM^t*£ 

xnx'm^mitmmi^m.iz:^ -vf-^ y^^h zuz 



[00521 Ltzifi'>X. '^XA^'^/W/N* •/ ^-i^yy 

^nm-h z b ¥X'^ , n^(r>x 0 izmitmmmM 
mx^-y rit^tu:imi.mmmf-^m%^zmiifi-±x i. 
u>(^-7f.yy-, i^-M,mmmmmmm 

mmmx'h^. 

[021 ( a ) - ( f ) Ji-etl'f)h.;^^N*-}B««5(:Oi8jt 

[031 ( a ) ~ ( h ) ii^ti-^'tv^mizmm^ 
mmw.^m<mmj:m^i§^mz^-tmwmx'hh, 
[04 1 :i^mmh^y-mm^mm^y ^)V9m=f- 
(^w^mmmx'h o , ( a > 

lXatt«ffi<^«i^S:S^1-a5^^Br®0t*ft s . 

[05 ] *^0fllc^l,ZS^- H^t|illS?lttaffljS7 
-f ;l':?*^<;o^«&|jtBJ-ri.0-C'3^ 0 , ( a ) 

w^^-ycTim^F^^-t'mmx'h o , ( b ) (±±tcijji 
me'im^m'mwmmismfi^zTrs'mwmxt 
[^?■^<oi5^HJ] 



1 


mm. 


2 




3 




tf) 




4 




5 


mMM 


6 




7 




8 




9 




1 1 




A 




G 




S 





!(6) 000-261284 (P200 0-26 1 284A) 



imi] 



[m2] 




(a) AO 



<70 



(C) 



(d) 





8 ^42 




[03] 



[@6] 



(a) 





!(7) 000-261284 ( P 2 0 0 0-2 6 1 2 84 A) 




